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(57) ABSTRACT

A piling machine with high-pressure jet spiral bit, including
an underpan, a pile frame, a drill pipe, a drill bit having an
upper leaf helix, a lower leaf helix and a middle leaf helix, a
power system, a high-pressure concrete casting system and a
high-pressure jet grouting system. The drill bit 1s disposed at
the head of the drill pipe and has multiple nozzles disposed
thereon, a diameter of the middle leaf helix 1s constant from
the top to the bottom thereot, a diameter of each of the upper
leathelix and the lower leat helix decreases from the top to the
bottom thereot so that the drill bit with upper and lower tines
1s formed, the drill bit 1s spiral, the high-pressure jet grouting
system 1s disposed 1n the drill bit, and the nozzles are disposed
on the dnll bit. A piling method 1s also taught herein.

8 Claims, 4 Drawing Sheets
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PILING MACHINE WITH HIGH-PRESSURE
JET SPIRAL BIT AND I'TS PILING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Patent

Application No. PCT/CN2007/003603 with an international
filing date of Dec. 14, 2007, designating the United States,
now pending, and further claims priority benefits to Chinese
Patent Application No. 200710056418.4, filed on Jan. 8,
2007. The contents of these specifications are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a piling machine and a method, and
more particularly to a piling machine with a high-pressure jet
spiral bit and a piling method.

2. Description of the Related Art

Piling machines are widely used 1n construction of pile
foundation such as buildings, bridges, municipal engineer-
ing, water resources, dock projects and so on. For current
spiral drills, diameters of all parts thereof are the same except
tor the drill bits, and for long spiral drills, a length of the spiral
portion 1s the same as that of a pile, which causes large
revolving resistance. Therefore, 1n construction of large-di-
ameter and long piles, high power or decreased piling length
and diameter are required, and thus 1t cannot meet design
requirements. For short spiral drills, although the spiral por-
tion 1s short, several times are required for the drnll bits to
entirely enter soils and the short spiral drills cannot be used 1n
soit soils. For coastal muddy clay, the spiral drills cannot be
used since clay soils are difficult to be cleaned. In driving piles
using spiral drills with lead-1n pipes, 1t 1s difficult to pull the
lead-1n pipes out and the cost 1s very high. China patent
number Z1.200410094076.1 discloses a piling method, com-
prising pulling soils 1n a drill hole out from the ground using,
spiral portions on the spiral drills and then cleaning the soils.

Therefore, the current long and short spiral drills, drills
with lead-1n pipes, drill holes and piling machines have dis-
advantages in terms of techniques, carrying capability, cost
and so on, especially 1n geological places such as coastal mud,
muddy clay, powdery clay, places difficult in forming retain-
ing walls by fine sands, and sedimentary rocks.

SUMMARY OF THE INVENTION

In view of the above-described problems, 1t 1s one objective
of the invention to provide a piling machine that1s suitable for
different geological conditions and capable of entering deep
hard clay, meets different requirements for bearing capacity
and needs no lead-1n pipe and excavation of retaining walls.

It 1s another objective of the invention to provide a piling
method that 1s suitable for different geological conditions and
capable of entering deep hard clay, meets different require-
ments for bearing capacity and needs no lead-in pipe and
excavation of retaining walls.

To achieve the above objectives, 1n accordance with one
embodiment of the mvention, provided 1s a piling machine
with a high-pressure jet spiral bit, comprising a moving sys-
tem, an underpan, a pile frame, a power system, a drill pipe, a
drill bit comprising an upper leaf helix, a lower leaf helix, and
a middle leaf helix, a high-pressure concrete casting system,
and a high-pressure jet grouting system, wherein the drill bat
1s disposed at the head of the drill pipe and comprises multiple
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nozzles disposed thereon, a diameter of the middle leat helix
1s constant from the top to the bottom thereof, a diameter of
cach of the upper leaf helix and the lower leaf helix gradually
decreases from the top to the bottom thereotf so that the drill
bit with upper and lower tines 1s formed, the drill bit 1s spiral,
the high-pressure jet grouting system 1s disposed 1n the drll
bit. In a class of this embodiment, the nozzles comprise mul-
tiple upper nozzles, middle nozzles and lower nozzles.

In a class of this embodiment, the upper nozzles are dis-
posed at the top of the drll bat, the middle nozzles are dis-
posed 1n the middle of the drill bit, and the lower nozzles are
disposed at the bottom of the drill bat.

In a class of this embodiment, an upper port 1s disposed
below the upper nozzle and operates to discharge mud, and a
lower port 1s disposed above the lower nozzle and operates to
discharge mud.

In a class of this embodiment, the drill pipe comprises an
iner portion and an outer portion.

In a class of this embodiment, the inner portion of the drill
pipe comprises a high-pressure concrete casting channel and
amud-discharging channel, and the mud-discharging channel
1s connected to the upper port and the lower port, the high-
pressure jet grouting channel 1s disposed between the inner
portion and the outer portion.

In a class of this embodiment, an upper nozzle channel, a
middle nozzle channel and a lower nozzle channel are dis-
posed 1n the high-pressure jet grouting channel.

In a class of this embodiment, the upper nozzle channel 1s
connected to the upper nozzles, the middle nozzle channel 1s
connected to the middle nozzles, and the lower nozzle chan-
nel 1s connected to the lower nozzles.

In a class of this embodiment, the high-pressure concrete
casting system comprises a high-pressure concrete pump, a
concrete-transmission pipe and a concrete-injection hole, the
concrete-transmission pipe 1s received in the high-pressure
concrete casting channel, the concrete-injection hole 1s dis-
posed at the bottom of the drill bit, and the concrete 1s injected
via the high-pressure concrete casting channel and the con-
crete-injection hole.

In a class of this embodiment, a stop valve 1s disposed on
the leat helix and operates to stop soil, and a multiple of teeth
are disposed on the leaf helix.

In accordance with another embodiment of the invention,
provided 1s a piling method, comprising providing a piling
machine comprising a drill pipe comprising an inner portion
with a high-pressure concrete casting channel and a mud-
discharging channel and an outer portion, a drill bit compris-
ing an upper leal helix, a lower leaf helix and a middle leaf
helix, a high-pressure concrete casting system comprising a
high-pressure concrete pump, a concrete-transmission pipe
and a concrete-1njection hole, and a high-pressure jet grouting
system, an upper port being disposed below the upper nozzle
and a lower port being disposed above the upper nozzle and
operating to discharge mud, and a piling hole, drilling into the
so1l via the drnll bit and cutting the soil via the high-pressure
jet grouting system so that the soil turns 1nto mud, flows nto
the upper port and 1s then discharged via the mud-discharging
channel, and pulling up the drill bit and starting the high-
pressure concrete casting system, so that fluid concrete 1s
injected 1nto the piling hole via the high-pressure concrete
casting channel and the concrete-injection hole and forms a
pure-concrete pile body with a designed height.

In a class of this embodiment, it further comprises inserting
a steel cage 1nto the pure-concrete pile body before the con-
crete 1s 1mitially set.

In a class of this embodiment, it further comprises cutting
so1l via the lower nozzle of the high-pressure jet grouting
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system so that soil turns mto mud, flows into the lower port
and 1s then discharged via the mud-discharging channel when
it’s difficult to drill the drill bit into the designed depth 1n

powder sand-hard soil.

In a class of this embodiment, it further comprises spirally
spraying cement grouting on the soil around the piling body
via the middle nozzle, so that a cement soil pile with certain
thickness 1s formed outside the concrete pile and surrounds a
concrete core pile, and a combined pile 1s formed by the
concrete core pile and the cement soil pile.

Advantages of the invention are summarized below:

1) 1n operation, the upper leat helix of the spiral drill bitcan
be removed and only the drill pipe 1s remained, twisting,
force and resistance are decreased by 50-70% as the drill
bit enters or 1s pulled out of the soil, and thus required
power 1s greatly saved;

2) under the same power, a coil diameter of the drill bit and
a length of the drnll pipe can be increased so as to enable
the piling machine to meet different construction
requirements such as large bearing capacity, great diam-
cter and great length;

3) a cylinder 1s formed by the soil between the upper leat
helixes and operates as a lead-in pipe and a retaining
wall, as the drill pipe 1s pulled up, a piling hole 1s formed
to makes 1t possible to 1mject concrete to cover the cyl-
inder, and thus production cost 1s reduced;

4) as the piling machine enters the soil, the lower nozzle
sprays and turns the soil into the mud, and then the mud
flows 1nto the lower port and 1s discharged via the mud-
discharging channel; during concrete casting, the upper
port discharges the mud so that the drill bit 1s pulled up
and the piling hole 1s formed, and then the concrete 1s
casted 1nto a pile.

This not only solves a problem with conventional piling
machines that the dr1ll bithas to be pulled out so as to clean the
so1l, but also avoids pulling of the lead-1n pipe.

To summarize, the piling machine with a high-pressure jet
spiral bit of the invention solves problems existing in spiral
grouted piles, grouted piles with lead-1n pipes and retaining
walls, and bored piles.

BRIEF DESCRIPTION OF THE DRAWINGS

The ivention 1s described hereinafter with reference to
accompanying drawings, 1n which:

FIG. 1 1s a schematic diagram of a piling machine of one
embodiment of the invention;

FIG. 2 1s a schematic diagram of a spiral drill bit of one
embodiment of the invention;

FIG. 3 1s a sectional view of a drill pipe of one embodiment
of the imnvention;

FIG. 4 1s a flow chart of a piling method using a piling
machine of one embodiment of the invention; and

FIG. 5 1s a flow chart of another piling method using a
piling machine of one embodiment of the mnvention.

Legend: 1. pile frame; 2. underpan; 3. moving system; 4.
power system; 5. dnll pipe; 6. high-pressure jet grouting
system; 8. drill bit; 9. middle leaf helix; 10. upper leaf helix;
11. lower leaf helix; 12. concrete-imjection hole; 13. high-
pressure concrete casting channel; 14. high-pressure concrete
pump; 15. concrete-transmission pipe; 16. mud-discharging,
channel; 17. high-pressure jet grouting channel; 18. upper
nozzle channel; 19. lower nozzle channel; 20. upper nozzle;
21. middle nozzle; 22. lower nozzle; 23. upper port; 24. stop
valve; 25. middle nozzle channel; 26. tooth; 27. lower port.
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DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

As shown 1n FIGS. 1 and 2, a piling machine with a high-
pressure jet spiral bit of the invention comprises a moving
system 3, a pile frame 1, an underpan 2, a power system 4, a
drill pipe 5, a high-pressure jet grouting system 6, a drill bit 8,
and a high-pressure concrete casting system.

The drill bit 8 1s disposed at the head of the drill pipe 5, and
comprises a middle leaf helix 9, an upper leaf helix 10 and a
lower leathelix 11. In this embodiment, the drill bit 8 1s spiral.

The diameter of the middle leaf helix 9 1s constant from the
top to the bottom thereof, a diameter of each of the upper leat
helix 10 and the lower leaf helix 11 gradually decreases from
the top to the bottom, so the drill bit 8 with upper and lower
tines 1s formed. A length of the middle leaf helix 9 1s 1-2 m.

An upper nozzle 20 1s disposed at the head of the drill bit 8,
a middle nozzle 21 1s disposed 1n the middle of the drill bit 8,
and a lower nozzle 22 1s disposed at the bottom of the drill bat
8.

As shown 1n FIG. 3, an upper port 23 1s disposed below the
upper nozzle 20 and operates to discharge mud, and a lower
port 27 1s disposed above the lower nozzle 22 and operates to
discharge mud.

The drill pipe 5 comprises an inner portion and an outer
portion. The inner portion of the drill pipe 5 comprises a
high-pressure concrete casting channel 13 and a mud-dis-
charging channel 16, and the mud-discharging channel 16 1s
connected to the upper port 23 and the lower port 27. A
high-pressure jet grouting channel 17 1s disposed between the
inner portion and the outer portion.

An upper nozzle channel 18, a middle nozzle channel 25
and a lower nozzle channel 19 are disposed in the high-
pressure jet grouting channel 17. The upper nozzle channel 18
1s connected to the upper nozzle 20, the middle nozzle chan-
nel 25 1s connected to the middle nozzle 21, and the lower
nozzle channel 19 1s connected to the lower nozzle 22.

The high-pressure concrete casting system comprises a
high-pressure concrete pump 14, a concrete-transmission
pipe 15 and a concrete-injection hole 12. The concrete-trans-
mission pipe 15 1s received in the high-pressure concrete
casting channel 13, the concrete-injection hole 12 1s disposed
at the bottom of the dnll bit 8, and the concrete 1s injected via
the high-pressure concrete casting channel 13 and the con-
crete-injection hole 12.

A stop valve 24 1s disposed on the leaf helix and operates to
stop so1l when the drill bit 8 reverses, and a multiple of teeth
26 15 disposed on the leaf helix and operate to break soil.

As shown 1n FI1G. 4, a piling method of the invention of one
embodiment of the invention applicable to geological condi-
tions of hard clay and liquid fine sand, comprises steps of:

(a) drilling 1nto the soil via the drill bit, cutting so1l via the
lower nozzle of the high-pressure jet grouting system so
that soil turns into mud, flows 1nto the lower port and 1s
then discharged via the mud-discharging channel 11 the
drill bit cannot be drilled into the soil;

(b) cutting the soi1l via the high-pressure jet grouting sys-
tem so that the soil turns into mud, flows 1nto the upper
port and 1s then discharged via the mud-discharging
channel;

(¢) pulling up the dnll bit and starting the high-pressure
concrete casting system, so that fluid concrete 1s injected
into the piling hole via the high-pressure concrete cast-
ing channel and the concrete-injection hole and forms a
pure-concrete pile body with a designed height; and

(d) mserting a steel cage into the pure-concrete pile body
betore the concrete 1s 1nitially set.
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It should be noted that 1f the drill bit1s easily drilled into the
so1l, the above-mentioned step (a) can be omitted.

As shown 1n FI1G. §, another pi1ling method of the invention
of another embodiment of the invention 1s applicable to form-
ing a combined pile, and comprises steps of:

(a) drilling 1nto the so1l via the drill bit, cutting soil via the
lower nozzle of the high-pressure jet grouting system so
that soil turns 1nto mud, flows into the lower port and 1s
then discharged via the mud-discharging channel 1t the
drill bit cannot be drilled into the soil;

(b) cutting the soil via the high-pressure jet grouting sys-
tem so that the soil turns into mud, tflows 1nto the upper
port and 1s then discharged via the mud-discharging
channel;

(¢) pulling up the dnill bit and starting the high-pressure
concrete casting system, so that tluid concrete 1s injected
into the piling hole via the high-pressure concrete cast-
ing channel and the concrete-injection hole, and syn-
chronously and spirally spraying cement grouting on the
so1l around the piling body via the middle nozzle, so that
a cement soil pile with certain thickness 1s formed out-
side the concrete pile and surrounds a concrete core pile,
and a combined pile 1s formed by the concrete core pile
and the cement soil pile; and

(d) inserting a steel cage into the pure-concrete pile body
betore the concrete 1s 1mtially set.

It should be noted that 1f the drill bit1s easily drilled into the

so1l, the above-mentioned step (a) can be omitted.

Since the concrete core pile and the cement soil pile form a
combined pile, the concrete core pile bears upper loads, and
the (circular) cement soil pile increases side friction of the
concrete core pile and lateral resisting-force. The invention
improves carrying capability of the core pile by 30-100% or
above, and features high economic benefit.

For powdery soils and fine sands with high density, in case
that a large-diameter pile 1s required and squeezing soils and
forming holes are difficult, the invention uses the high-pres-
sure jet grouting system to break the soil and generate mud,
and enables the mud to be discharged via the mud-discharg-
ing channel. When the drill 1s pulled upwardly, the jet grout-
ing system injects cement grouting into the hole to form a
pile.

By way of the high-pressure jet grouting system, 1t 1s able
to spray cement grouting or other materials capable of rein-
forcing so1l mass around the pile so as to improve density and
strength of the soils around the pile and to increase vertical
bearing capacity and lateral resisting-force thereof.

The piling method of the invention can also be applied to
trenchless pipe-laying.

While particular embodiments of the mnvention have been
shown and described, 1t will be obvious to those skilled in the
art that changes and modifications may be made without
departing from the invention 1n 1ts broader aspects, and there-
fore, the aim in the appended claims 1s to cover all such
changes and modifications as fall within the true spirit and
scope of the invention.

The mvention claimed 1s:

1. A piling machine with a high-pressure jet spiral bat,
comprising;

a moving system;

an underpan;

a pile frame;

a power system;

a drill pipe;

a drill bit, comprising: an upper leat helix, a lower leaf
helix, and a middle leaf helix;

a high-pressure concrete casting system; and

10

15

20

25

30

35

40

45

50

55

60

65

6

a high-pressure jet grouting system;
wherein
said drll bit 1s disposed at the head of said dnll pipe and
comprises multiple nozzles disposed thereon;
said upper leal helix tapers from a smaller diameter to a
larger diameter from the top to the bottom thereof, said
middle leaf helix has a constant diameter, and said lower
leal helix tapers from a larger diameter to a smaller
diameter from the top to the bottom thereof so that the
drill bit with upper and lower tines 1s formed;
said drill bit 1s spiral;
said high-pressure jet grouting system 1s disposed 1n said
drill bat;
said nozzles comprise multiple upper nozzles, middle
nozzles, and lower nozzles, said upper nozzles being
disposed at the top of said drill bit, said middle nozzles
being disposed 1 the middle of said drill bit, and said
lower nozzles being disposed at the bottom of said drill
1t
an upper port 1s disposed below said upper nozzle and
operates to discharge mud;
a lower port 1s disposed above said lower nozzle and oper-
ates to discharge mud;
said drill pipe comprises an nner portion and an outer
portion;
said 1nner portion of said drill pipe comprises a high-
pressure concrete casting channel and a mud-discharg-
ing channel;
said mud-discharging channel 1s connected to said upper
port and said lower port;
a high-pressure jet grouting channel 1s disposed between
said 1inner portion and said outer portion;
an upper nozzle channel, a middle nozzle channel and a
lower nozzle channel are disposed 1n said high-pressure
jet grouting channel;
said upper nozzle channel 1s connected to said upper
nozzle;
said middle nozzle channel 1s connected to said middle
nozzle; and
said lower nozzle channel 1s connected to said lower
nozzle.
2. The piling machine of claim 1, wherein
said high-pressure concrete casting system comprises a
high-pressure concrete pump, a concrete-transmaission
pipe and a concrete-injection hole;
said concrete-transmission pipe 1s received in said high-
pressure concrete casting channel;
said concrete-injection hole 1s disposed at the bottom of
said drill bit; and
concrete 1s mjected via said high-pressure concrete casting,
channel and said concrete-injection hole.
3. The piling machine of claim 1, wherein a stop valve and
a multiple of teeth are disposed on said leat helix.
4. A piling method, comprising,
providing a piling machine with a high-pressure jet spiral
bit comprising a drill pipe comprising an inner portion
with a high-pressure concrete casting channel and a
mud-discharging channel and an outer portion, a drill bat
comprising an upper leaf helix, a lower leaf helix and a
middle leaf helix, a high-pressure concrete casting sys-
tem comprising a high-pressure concrete pump, a con-
crete-transmission pipe and a concrete-injection hole,
and a high-pressure jet grouting system, an upper port
and a lower port being disposed below said upper nozzle
and operates to discharge mud, and a piling hole;
drilling into the soi1l via said drill bit and cutting the so1l via
said high-pressure jet grouting system so that the soil
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turns 1nto mud, flows 1nto said upper port and 1s then
discharged via said mud-discharging channel; and
pulling up said drill bit and starting said high-pressure
concrete casting system, so that tluid concrete 1s injected
into said piling hole via said high-pressure concrete
casting channel and said concrete-injection hole and
forms a pure-concrete pile body with a designed height.

5. The piling method of claim 4, further comprising insert-
ing a steel cage 1nto said pure-concrete pile body before the
concrete 1s 1itially set.

6. The piling method of claim 4, further comprising cutting
so1l via said lower nozzle of said high-pressure jet grouting
system so that soil turns into mud, flows 1nto said lower port
and 1s then discharged via said mud-discharging channel 1f
said drill bit cannot be drilled into the soil.
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7. The piling method of claim 6, further comprising spirally
spraying cement into the soi1l around said piling body via said
middle nozzle, so that a cement soil pile with certain thick-
ness 1s formed outside said concrete pile and surrounds a
concrete core pile, and a combined pile 1s formed by said
concrete core pile and said cement soil pile.

8. The piling method of claim 4, further comprising spirally
spraying cement into the soil around said piling body via said
middle nozzle, so that a cement soil pile with certain thick-
ness 1s formed outside said concrete pile and surrounds a
concrete core pile, and a combined pile 1s formed by said
concrete core pile and said cement soil pile.
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